Synergistic effect of vascular endothelial growth factor and basic fibroblast growth factor on angiogenesis in vivo.
Recent studies have suggested that vascular endothelial growth factor (VEGF) and basic fibroblast growth factor (bFGF) may have synergistic effects on the induction of angiogenesis in vitro. Therefore, we investigated the hypothesis that the simultaneous administration of VEGF and bFGF, each having been previously shown to independently enhance collateral development in an animal model of hind limb ischemia, could have a synergistic effect in vivo. Ten days after surgical induction of unilateral hind limb ischemia, New Zealand White rabbits were randomized to receive either VEGF 500 micrograms alone (n = 6), bFGF 10 micrograms alone (n = 7), VEGF 500 micrograms, immediately followed by 10 micrograms bFGF (n = 7), or vehicle only (control animals, n = 8) in each case administered intra-arterially via a catheter in the internal iliac artery of the ischemic limb. BP ratio (BPR, ischemic/healthy limb) at day 10 for the VEGF+bFGF group was 0.82 +/- 0.01, much superior (P < .0005) to that of either the VEGF group (0.52 +/- 0.02) or the bFGF group (0.57 +/- 0.02). This outcome persisted at day 30: BPR in the VEGF+bFGF group (0.91 +/- 0.02) exceeded that of the control group (0.49 +/- 0.05, P < .0001), the VEGF group (0.65 +/- 0.03, P < .0005), or the bFGF group (0.66 +/- 0.03, P < .0005). Serial angiography demonstrated a progressive increase in luminal diameter of the stem collateral artery and the number of opacified collaterals in the thigh of the ischemic limbs in all groups. Stem artery diameter with VEGF+bFGF (1.34 +/- 0.07 mm) on day 30 was significantly (P < .05) greater than with either VEGF (1.09 +/- 0.09) or bFGF (1.18 +/- 0.06) alone. Capillary density was significantly greater (P < .05) in VEGF+bFGF animals (275 +/- 20 mm2) compared with VEGF (201 +/- 8) or bFGF (209 +/- 15). Combined administration of VEGF and bFGF stimulates significantly greater and more rapid augmentation of collateral circulation, resulting in superior hemodynamic improvement compared with either VEGF or bFGF alone. This synergism of two angiogenic mitogens with different target cell specificities may have important implications for the treatment of severe arterial insufficiency in patients whose disease is not amenable to direct revascularization.